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Description 



[0001] The present invention relates to a control node 
responsive to signals transmitted on a communicatrons 
bus. and is applicable to testing of digital circuits. More 
particularly, the invention is applicable to a communica- 
tions network comprising one or more nodes which in- 
corporate boundary-scan logic for testing wherein the 
boundary-scan logic may be exercised over the commu- 
nications network. 

[0002] Boundary-scan testing of integrated circuits is 
a well-known technique for testing complicated digital 
circuits. ANSI/IEEE Standard 1149.1, IEEE Standard 
Test Access Port and Roundarv-Scan Architecture ha^ 
been developed to provide a commercial standard for 
boundary-scan testing and has been widely accepted 
by integrated circuit manufacturers. 
[0003] IBM TDM, vol. 32. no. 12, May 1990. pp 
377-383 describes a "Serial Interface for Electronic Di- 
agnostics" whilst IEEE Intercon Conference Record 
vol. 1 6, 1 6 April 1 991 , pp 534-539 describes the "Desigri 
of a Parallel bus-to-scan test port converter". 
[0004] Figure 1 of the accompanying drawings shows 
a conventional integrated circuit 10, which incorporates 
boundary scan logic for testing. Circuit 1 0 includes on- 
chip logic 20 to implement a predetermined function in 
a conventional manner. Logic 20 communicates with the 
external world through pins 22, To implement boundary- 
scan testing a test data register 30 of cells 32 is also 
included on integrated circuit 1 0. Cells 32 are connected 
between logic 20 and pins 22 and are also connected 
to form a serial shift register. 

[0005] Integrated circuit 10 also includes a Test Ac- 
cess Port TAP comprising pins 40, 42, 44, 46 and 48 for 
respectively, connection of a test data input signal TDl' 
a test clock TCK, a test mode select signal TMS, a test 
data output signal TDO. and an optional reset' signal 
TRST Signals TCK and TMS are connected through 
pins 42 and 44 to a TAP controller 34 together with, if 
provided, reset signal TRST through pin 48. Data TDl is 
connected through pin 40 to test data register 30 and to 
instruction register 36. Output data is connected to pin 
46 through control 38 from either array 30 or instruction 
register 36 to provide signal TDO. 
[0006] Figure 2 shows a more detailed block diagram 
of the boundary-scan logic of Figure 1 . TAP controller 
34 is a state machine which generates clocks and con- 
trols to control the operation of the boundary-scan test 
logic in response to control signals TMS which are 
clocked by clock TCK. Controller 34 maybe reset by sig- 
nal TRST; though in the preferred embodiments dis- 
cussed herein TRST is not used. In response to control- 
ler 34 data TDl is shifted into either test data registers 
30 or instruction register 36. As data is shifted into reg- 
isters 30 and 36 previous data Is shifted out through cir- 
cuit 38 to provide, under control of controller 34 output 
signal TDO. 

[0007] Under control of Instruction register 36 data in 



test data register 30 can be applied to the inputs of logic 
20. or output pins of pins 22, or the state of pins 22 may- 
be loaded into corresponding cells 32 of register 30. Af- 
ter the test data is applied and the results capture the 
5 resu Its are shifted out of register 30. as new test data is 
shifted in, and retumed for analysis. 
[0008] Those skilled in the art will be aware that 
boundary-scan logic, as defined in Standard 11 49.1, in- 
cludes numerous other features which have not been 
10 described, and which are not considered necessary for 
an understanding of the subject invention. 
[0009] While boundary-scan testing, as described 
above, has gained wide acceptance Its use heretofore 
has been largely limited to physically compact systems 
15 where parallel signal interconnection Is provided 
through motherboards or backplanes or similar tech- 
niques, where the addition of four or five extra wires for 
control of the boundary-scan logic is not of major con- 
sequence. Boundary-scan logic has been of less advan- 
20 tage in more physically distributed systems comprising 
one or more control nodes interconnected by a commu- 
nications network. In such systems a major design cri- 
teria is to reduce the number of signal lines or channels 
necessary for the distribution of signals among the var- 
^5 ,ous nodes. In many such systems serial communica- 
tions is used for this purpose. 

[001 0] Thus, it Is an object of the subject invention to 
provide a system for control of boundary-scan test logic 
in a communications network comprising a plurality of 
30 control nodes. 

[0011] According to the invention, there Is provided a 
control node for use in a communications network and 
responsive to signals transmitted on a communications 
bus connecting that network, and which includes bound- 
35 ary-scan test logic for testing the operability of the node. 
The node includes first apparatus responsive to a first 
class of messages transmitted by the signals to control 
a predetennined function; and also includes second ap- 
paratus responsive to a second class of such messages 
^0 for exercising boundary-scan logic to test the node. 
[001 2] In accordance with one preferred feature of the 
subject invention the communications bus is a serial 
bus. 

[001 3] In accordance with another embodiment of the 
^5 subject invention the first apparatus includes a commu- 
nications controller responsive to the first class of mes- 
sages to generate first control signals, and circuitry re- 
sponsive to the first control signals to implement the pre- 
determined function; and the second apparatus in- 
50 dudes the communications controller which is respon- 
sive to the second class of messages to generate sec- 
ond control signals, and a test controller responsive to 
the second control signals to exercise the boundary- 
scan logic. 

55 [0014] In accordance with a further development of 
the subject invention the second class of messages in- 
cludes a scan command message for controlling the 
state of TAP controllers in the boundary-scan logic, and 
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the scan command message includes TMS data, and 
the test controller serially transmits the TMS data to the 
boundary-scan logic. 

[0015] In accordance with a further development of 
the subject Invention the second class of messages In- 
cludes a send test data message for transmission of test 
data to the boundary-scan logic, the test data is tempo- 
rarily stored in the test controller, and output of the test 
data to the boundary-scan logic is controlled by a sub- 
machine whose state structure is substantially similar to 
that of the TAP controllers of the boundary-scan logic 
[0016] Other objects and advantages of the subject 
invention will be apparent to those sl<illed in the art from 
consideration of the detailed description set forth below 
and of the attached drawings, which show exemplary 
embodiments of the invention, and in which: 



Figure 1 shows a schematic representation of a styl- 
ized, conventional integrated circuit which includes 
boundary-scan logic in accordance with ANSI/IEEE 
Standard 1149.1; 

Figure 2 shows a block diagram of the boundary- 
scan logic of Figure 1 ; 

Figure 3 shows a block diagram of a serial commu- 
nications network including control nodes in accord- 
ance with one embodiment of the subject invention- 
Figure 4 shows a block diagram of a control node 
of Figure 3; 

Figure 5 shows fonnats of messages for communi- 
cation with the control node of Figure 4; 
Figure 6 shows a block diagram of a test controller 
included in the control node of Figure 4; 
Figure 7 shows a state diagram of the operation of 
the test controller of Figure 6; 
Figure 8 shows a state diagram of the TAP controller 
of the boundary-scan logic of Figures 1 and 2; and 
Figure 9 shows a state diagram of a sub-machine 
comprised In the test controller of Figure 6. 

Detailed Description Of The Prefen-ed Embodrm^nt c r>f 
The Subject Invention ' 

[0017] Figure 3 shows a block diagram of a commu- 
nications network in accordance with one embodiment 
of the invention. Typically, communications bus 50 
which is preferably a serial bus, connects a central con- 
trol node 60 and a plurality of control nodes 70 to per- 
form a predetermined function. Nodes 70 operate under 
the overall, system control of central control node 60 to 
control the operation of devices 80. For example in a 
paper handling system devices 80 might be motors ac- 
tuators, and sensors for controlling the motion of paper 
Items as they move through a system such as an insert- 
er system for Insertion of paper sheets into envelopes 
to fonn mall pieces. Controllers 70 would output drive 
signals to motors, input shaft position data from the mo- 
tors, energized actuators, and receive input signals from 
sensors. System control would be provided by messag- 



es exchanged on bus 50 between central control node 
60 and control nodes 70, whereby control nodes 70 
would return current status infomnation to central control 
node 60 and central control node 60 would provide op- 
5 erating instructions to control nodes 70. 

[001 8] Operator input to control nodes 60 is provided 
by I/O 82. 

[001 9] A preferred architecture for such a communi- 
cations network is described in commonly owned co- 
10 pending European Patent Application Serial Number 
EP-A-0 560 226 for: Flexible Communication Architec- 
ture For Motion Control System; filed on even date here- 
with (corresponding to US Application Serial No 
847.542 filed March 6th. 1992). This architecture pro- 
is vides a highly advantageous communications network 
structure which has a capability both for high-band 
width, scheduled communications between central con- 
trol node 60 and various of control nodes 70 and event- 
driven communication among central control node 60 
20 and various others of control nodes 70. 

[0020] Generally, however the exact nature of the 
communications network used with the subject Inven- 
tion Is not considered critical and only such details of 
the communications In the prefen-ed embodiment de- 
25 scnbed herein as are necessary for an understanding 
of the subject invention will be given. 
[0021] Figure 4 shows a block diagram of control node 
70 which includes a communications controller 90 for 
controlling communication on bus 50 in accordance with 
30 a predetermined format and protocol. Controller 90 re- 
sponds to a first class of messages, i.e. those messages 
intended to control the predetermined function that con- 
stitutes the nomial application of control node 70 to 
generate and receive control, data and timing signals to 
3S andfrom integrated circuits 92 over conventional printed 
winng 94. Integrated circuits 92 provide outputs to and 
receive inputs from device 80; either directly or through 
conventional driver circuitry. 

[0022] The particular normal application of control 
40 node 70 is not believed to be of any Importance to an 
understanding of the subject invention and. in general 
a person in ordinary skill in the art will easily be able to 
implement a particular normal application in any system 
such as a paper handling system, without difficulty 
45 [0023] In accordance with one embodiment of the in- 
vention Integrated circuits 92 are provided with bound- 
ary-scan logic, preferably in accordance with Standard 
1149.1 as described above. Control nodes 70 also in- 
cludes test controller 100 to generate signals TDO 
50 TCK. TMS and receive signal TDI from the boundary- 
scan logic. Note that the TDO output of test controller 
1 00 IS connected to the TDI input of the first of Integrated 
circuits 92. and its TDO output is connected to the next 
TDI and so on until the last TDO output is connected to 
55 the TDI input of test controller 1 00 so that each test data 
register of integrated circuits 92 is connected In series 
to form a single extended register which receives test 
data from the TDO output of test controller 1 00, and re- 
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turns results data to the TDI input. Signals TCK and TMS 
are transmitted in parallel to each of the TAP controllers 
of integrated circuits 92, so that each of the TAP con- 
trollers is always in the same state as the others. 
[0024] Figure 5 shows various message formats 
which may be used in a preferred embodiment of the 
subject invention. Message 110 is a generalized mes- 
sage which includes a flag field 112 which contains a 
predetermined, fixed data pattern which serves as a flag 
to indicate the beginning of a message. Field 114 con- 
tains a destination address which identifies the node for 
which the message is Intended. Field 116 is a control 
field which identifies the type of message. Field 120 is 
an optional field for data being transmitted to the desti- 
nation node. Field 122 contains a cyclic redundancy 
check sum used by. controller 90 to determine that a 
message has been accurately received. Field 126 con- 
tains an end of message flag. 

[0025] In a preferred embodiment each node will re- 
spond to receipt of a message by transmitting and Ac- 
knowledge/Not Acknowledge message having the 
same general format as message 110. 
[0026] Message 130 is a Scan Command message 
for controlling the state of the TAP controllers in integrat- 
ed circuits 92 of control node 70. Field 1 1 4 contains the 
address of control nodes 70, field 1 1 6 identifies mes- 
sage 130 as a Scan Command and field 120 contains 1 
byte of data to be output as the TMS signal, as will be 
described below, 

[0027] Message 140 is a Send Test Data message 
which transmits eight bytes of data to be output by test 
controller 1 00 to either the test data registers or the In- 
struction registers of integrated circuits 92, as will be de- 
scribed further below. Field 114 again contains the ad- 
dress of node 70 and field 116 identifies message 140 
as a Send Test Data message. Field 120 contains the 
above mentioned eight bytes of data. 
[0028] Message 1 50 is a Scan Results Request mes- 
sage which request control node 70 to return the results 
data generated by the boundary-scan logic. Field 114 
contains the address of node 70 and field 116 Identifies 
message 150 as Scan Results Request. Message 150 
does not include any data. 

[0029] Message 1 60 is the response message gener- 
ated by node 70 in response to a Scan Results Request 
message 1 50. Field 1 1 4 contains the address of the test 
control node, and field 116 contains an Acknowledge/ 
Not Acknowledge code to indicate whether or not the 
Scan Results Request message has been con-ectly re- 
ceived. Field 1 20 contains eight bytes of data shifted out 
of the boundary-scan logic as the previous test data was 
shifted in. 

[0030] In accordance with a preferred embodiment of 
the subject invention the test control node which gener- 
ates messages 1 30, 1 40 and 1 50 is central control node 
160. However, it is also within the contemplation of the 
subject invention that the test control node may be any 
node on the network which has the capacity to generate 



messages, or may be a test device temporarily connect- 
ed to communications bus 50. 

[0031 ] Figure 6 shows a block diagram of test control- 
ler 1 00 which operates under the control of test control 
5 state machine 1 70 and command counter 1 72. (Those 
skilled in the art will recognize that test controller 100 
may also readily be implemented using a microproces- 
sor or other conventional techniques rather than state 
machines without departing from the scope of the sub- 
^0 ject invention.) 

[0032] Test controller 1 00 also includes communica- 
tions buffer 1 80 for transfer of data to and from controller 
90; test data holding register 1 90 for temporary storage 
of test data; command register 200 for temporary stor- 
es age of TMS signals; and test results holding register 21 0 
for temporary storage of test results data shifted out of 
the boundary-scan logic of integrated circuits 92 as input 
TDI. Test controller 100 generates signal TMS by shift- 
ing data out of command register 200. It generates sig- 
20 nal TOO by shifting data out of test data holding register 
190. Clock signal TCK is generated directly from state 
machine 170, and, as noted, test results are input as 
signal TDI. 

[0033] State machine 1 70 also generates a Shift En- 
25 able signal to enable data to be simultaneously shifted 
out of register 190 and into register 210, and a Load 
Communications Butter signal to transfer results data 
from register 210 to communications buffer 180. This 
signal is also sent, with a small delay, to controller 90 to 
30 indicate that controller 90 should transfer data from buff- 
er 1 80 to the test control node, as will be described fur- 
ther below. 

[0034] Test controller 100 also receives a signal LD 
TDHR which indicates that a Scan Test Data signal has 
35 been received without error and that the data has been 
loaded into buffer 1 80 by controller 90, and controls reg- 
ister 1 90 to load the data from buffer 1 80. State machine 
70 receives signals LDCR from controller 90 when a 
Scan Command Message has been received without er- 
ror and responds to generate signal TMS, as will be de- 
scribed below. Signal LDCR also controls command 
register 200 to load the TMS data from buffer 1 80. State 
machine 170 also receives signal SRRR and responds 
to control communications buffer 1 80 to load test results 
45 data from register 21 0 and signals controller 90 to trans- 
mit the contents of buffer 1 80 to test control node. 
[0035] Figure 7 shows a state diagram of the opera- 
tion of state machine 70. Initially state machine 170 is 
in reset state 40 and remains there until a signal Is re- 
so ceived from controller 90. When signal SRRR is re- 
ceived state machine 1 70 goes to state 242 and gener- 
ates a Load Communications Buffer signal which con- 
trols buffer 1 80 to load test result data from register 21 0; 
and then signals controller 190 to transmit the contents 
55 of buffer 1 80 to the test control node. State machine 1 70 
then returns to state 240. When the signal LDCR is re- 
ceived state machine 170 goes to state 244 and incre- 
ments command counter 1 72. State machine 1 70 then 
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goes to state 246 and shifts out one bit from command 
register 200 with clock signal TCK to generate signal 
TMS. and returns to state 244. This loop continues until 
command counter 1 72 generates a Done signal (i.e. re- 
turns to zero) and state machine 170 returns to state 5 
240. Thus, when signal LDCR is received a predeter- 
mined amount of data, preferably one byte, is loaded 
Into command register 200 and shifted out as signal 
TMS. 

[0036] Output of test data from register 1 90 and the io 
simultaneous input of results data to register 21 0 is con- 
trolled by a sub-machine comprised in state machine 
170 which Is driven by signal TMS in parallel with the 
TAP controllers of integrated circuits 92, as will be de- 
scribed further below with respect to Figures 8 and 9. is 
[0037] Figures 8 and 9 show state diagrams for, re- 
spectively, the TAP controllers of integrated circuits 92 
and for the sub machine of state machine 170 where 
both machines are driven by the signal TMS as it is 
clocked in by TCK. Turning to Figure 8 the TAP controller 20 
is initially in state 250-N and remains in this state until 
a zero value Is detected for signal TMS. 
[0038] When a zero value for TMS is detected the 
sub-machine goes to run test/idle state 252-N, and re- 
mains in that state as long as zero values continue to 25 
be detected. When a one value is detected the sub-ma- 
chine goes to select DR scan state 254-N, and the TAP 
controller selects the test data registers of the boundary- 
scan logic. When a zero is then detected the sub-ma- 
chine goes to capture state 260-N and waits. If a one is 30 
detected in state 254-N the sub-machine goes to the se- 
lect IR scan state 256-N and selects the instruction reg- 
ister of the boundary-scan logic of integrated circuits 92. 
If a one Is detected in this state the sub-machine returns 
to reset state 25a-N, and if a zero is detected the sub- 3S 
machine goes to capture state 260-N and waits. 
[0039] In normal operation the test control node will 
control the TAP controllers to select either DR or IR scan 
state and' enter capture state 260-N with the first byte 
of data transmitted with a Scan Command signal. With 40 
the next Scan Command message, If a zero value for 
the TMS signal is detected the TAP controller goes to 
the state 262-N. In ,this state each time a zero Is detect- 
ed the TAP controller will shift out one bit of data and 
return to state 262-N, thus, a data byte of all zeros will 45 
shift out eight bits of data. Since the TAP controller re- 
mains in state 262-N until a one is detected successive 
Scan Commands may be used to shift out the full con- 
tents of all the boundary-scan logic, though it may be 
necessary to pad the data if the test data or instruction so 
registers are not even multiples of eight bytes long. 
[0040] Once a one is detected in state 262-N, or if a 
one is first detected in state 260-N, the TAP controller 
enters exit (1) state 264-N. In this state the next value 
for the TMS signal will normally be a one and the TAP ss 
controller will enter update state 272-N. In update state 
272-N, the data values which have been shifted into the 
test data registers of integrated circuits 92 are applied 



to the pins or logic of Integrated circuits 92, or values on 
the pins are captured in accordance with the contents 
of the instruction registers. After update state 272-N the 
test data registers now contain results data for the test. 
If a one is then detected the TAP controller returns to 
select DR scan state 254-N, and the above described 
cycle can be repeated with new data in the test data reg- 
isters either with or without new data in the instruction 
registers. If a zero Is detected In state 272-N the TAP 
controller returns to state 252-N and waits, 
[0041] Retuming to state 264-N, if a zero is detected 
the TAP controller enters pause state 268-N and re- 
mains there as long as zeros continue to be detected. 
This pause state is provided to allow for certain types of 
devices where clock signal TCK runs continuously. In 
such a system the TAP controller will remain in state 
268-N until a one value is detected, and thus will be un- 
affected by the continuously running clock. When a one 
value Is detected the TAP controller goes to exit (2) state 
270-N. Then a zero value will return it to state 262-N to 
shift data further and a one value will cause it to enter 
update state 272-N to generate results data. 
[0042] Turning to figure 9 inspection shows that the 
state structure of the sub-machine of test controller 1 70 
is identical to that of all TAP controllers for integrated 
circuits 92. Since the sub-machine is also driven by sig- 
nal TMS it will reach state 262-C In synchronism with 
the TAP controllers and will shift data out of test data 
holding register 1 90 and into test results holding register 
210 in synchronism with the boundary-scan logic. Note 
that states 254-C, 256-C and 270-C are null states since 
test controller 70 does not distinguish between data 
shifted through the test data registers or the instruction 
registers of the boundary-scan logic and does not exe- 
cute an update state. These states are provided to main- 
tain synchronism between the sub-machine and the 
TAP controller. Those skilled in the art will also recog- 
nize that the sub-machine need not have an identical 
state structure so long as the structure is sufficiently sim- 
ilar to that of the TAP controllers to maintain synchro- 
nism. For example. If it is known that clock signal TCK 
is not continuous the sub-machine need not Implement 
pause state 268-C or exit(2) state 270-C. 
[0043] In the following example of a test sequence it 
should be noted that the sub-machine of state machine 
170 will exactly parallel the operation of the TAP con- 
trollers each time a Scan Command message is trans- 
mitted by the test node controller. 

1 . The test control node sends a Scan Command 
message with data field 120 equal to "11111111". 
This data will return the TAP controllers to reset 
state 250 from any state. 

2. The test control node then sends a Scan Com- 
mand message with field 120 equal to "11110110". 
This sequence selects the Instruction registers of 
the boundary scan logic and places the TAP con- 
trollers in capture state 260. 
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3. The test controller node sends a Scan Test Data 
message. Field 120 of this message will contain 
eight bytes of data to be shifted into the instruction 
registers. As noted, the data may be padded if the 
length of the instruction registers is not an even mul- 
tiple of eight bits. Node 70 temporarily stores this 
data in holding register 190. 

4. The test control node sends eight successive 
Scan Command messages each with data field 1 20 
equal to "00000000". These Scan Command mes- 
sages will shift eight bytes of data from holding reg- 
ister 190 through the instruction registers of the 
boundary-scan logic of integrated circuits 92. Si- 
multaneously, the previous contents of the instruc- 
tion registers are shifted into results holding register 
210. 

5. The test control node sends a scan results re- 
quest message, which contains no data. Test con- 
troller 1 00 transfers the contents of registers 21 0 to 
communications buffer 180 and signals controller 
90 to return this data to the test control node. Con- 
troller 90 returns the data in buffer 180 with its ac- 
knowledge message in accordance with the com- 
munications protocol in use. Optionally, the test 
control node may compare the return value of the 
instruction registers with the expected value. 

6. If necessary steps 3, 4 and 5 may be repeated 
until the entire length of the instruction registers of 
integrated circuits 92 is filled. 

7. The test control node then sends a Scan Com- 
mand message with data field 120 equal to 
-1 1 000000". This takes the TAP controllers through 
exlt(1) state 264 and update state 272 (which up- 
dates, i.e. activates) the instruction registers, and 
back to run test/idle state 252. 

8. The test control node then sends a Scan Com- 
mand message with field 120 equal to "00000000". 
This places the TAP controllers in capture state 260 
and selects the test data registers of integrated cir- 
cuits 92. 

9. The test control node then sends a Scan Test Da- 
ta message where field 120 contains eight bytes of 
data. This data is temporarily stored by test control- 
ler 170 in holding register 190. 

1 0. The test control node then sends eight succes- 
sive Scan Command messages with data field 120 
equal to "00000000". This shifts eight bytes of data 
out of holding register 1 90 and through the test data 
registers of the boundary-scan logic. Simultaneous- 
ly, the previous contents (i.e. the results of any pre- 
vious test) are shifted into results holding register 
210. 

1 1 . The test control node then sends a Scan Results 
Request message, without data. Test controller 70 
responds by transferring data from holding register 
210 to communications buffer 180 and signalling 
controller 90 to transmit the contents of buffer 180 
to the test control node. Controller 90 returns the 
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data with the message acknowledgement in ac- 
cordance with the communication protocol in use. 
This data constitutes the results of any previous test 
and maybe examined in accordance with predeter- 
mined criteria to detect any failures in node 70. 

12. Steps 9, 10 and 11 maybe repeated as neces- 
sary until the entire chain of data registers is filled. 

13. The test control node sends a Scan Command 
message with data field 120 equal to "11000000". 
This takes the TAP controllers through exit (1 ) state 
264 and update state 270 updates, I.e. activates, 
cell of the test data registers to perfonn the test, and 
finally returns to state 252. 

14. The test control node may then obtain the re- 
sults of the test by returning to step 8 and loading 
the test data registers of the boundary-scan logic 
with new data, which may be data for another test 
or null data, while simultaneously shifting out the 
test results. 

15. The test control node may also load new instruc- 
tions by returning to step 1 . 

[0044] Thus, it can be seen that the described control 
node advantageously overcomes the disadvantages of 
the prior art by providing boundary-scan logic wherein 
the boundary-scan logic maybe controlled by messages 
transmitted over a communications bus with the same 
format and protocol as operation control messages, 
thus eliminating the need for any additional boundary- 
scan signal lines. A further advantage of a the subject 
invention is that cost of the additional circuitry at the 
nodes is minimized since the sequence of operations of 
the boundary-scan logic Is controlled by data transmit- 
ted in the test control messages; minimizing the need 
for capability at each node. 

[0045] The above descriptions of preferred embodi- 
ments of the subject invention have been provided by 
way of illustration only, and those skilled in art will rec- 
ognize numerous other embodiments of the subject in- 
vention from consideration of the detailed description 
set forth above and the attached drawings. Accordingly, 
limitations on the subject invention are only to be found 
in the claims set forth below. 



Claims 

1 . A control node (70) responsive to signals transmit- 
ted on a communications bus (50), said control 
node comprising: 

a) boundary-scan logic (92) for testing the op- 
erability of said node; 

b) first means (90) responsive to a first class of 
messages comprising said signals for control- 
ling a predetennlned function; and 

c) second means (90.1 00) responsive to a sec- 
ond class of messages comprising said signals 
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for exercising said boundary-scan logic (92) to 
test said node (70). 

2. A control node as claimed in Claim 1 . wherein said 
communications bus (50) is a serial bus. s 

3. A control node as claimed in Claim 1 or 2, wherein 
said first means comprises a communications con- 
troller (90) responsive to said first class of messag- 
es to generate first control signals, and circuitry re- io 
sponsive to said first control signals to implement 
said predetennined function; and said second 
means comprises said communications controller 
(90) which is responsive to said second class of 
messages to generate second control signals, and is 
a test controller (100) responsive to said second 
control signals to exercise said boundary control 
logic to test said node. 

. A node, as claimed in Claim 3. wherein said test 20 
controller (100) comprises a state machine (170). 

A node as claimed in any preceding claim, wherein 
said second class of messages comprises a scan 
command message for controlling the state of TAP 2s 1 
controllers comprised in said boundary-scan loaic 

(92). ^ 

A control node as claimed in Claim 5, wherein said 
scan command message includes TMS data and 30 
said test controller serially transmits said TMS data 
to said boundary-scan logic. 

A control node as claimed in any preceding claim, 
wherein said second class of messages includes a 35 
scan test data message for transmission of test data 
to said boundary-scan logic. 

A control node as claimed in Claim 7, wherein said 
test data includes instruction data. 40 

A control node as claimed in Claim 8 as dependent 
on Claim 3, wherein said test controller (1 00) is op- 
erable to temporarily store said test data for later 
output to said boundary-scan logic (92). 45 

10. A control node as claimed in Claim 9. wherein said 
test controller (100) further comprises a sub-ma- 
chine responsive to a TMS signal transmitted to 
TAP controllers comprised in said boundary-scan so 
logic (92) for control of the output of said test data 
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A control node as claimed in any of Claims 7 to 11 
as dependent on Claim 3. wherein said test control- 
. ler (1 00) is operable to temporarily store results da- 
ta output by said boundary-scan logic (92) as said 
test data is input, and said second class of messag- 
es includes a scan results request message, said 
communications controller (90) being operable for 
transmitting said results data on said communica- 
tions bus (50) in response to said request message. 

13. A control node as claimed in any preceding claim 
wherein said control node (70) is operable to com- 
municate with a central control node on said com- 
munications bus, said central control node being 
further operable for generating said first class of 
messages. 

14. A control node as claimed in Claim 13, wherein said 
central control node is arranged to further generate 
said second class of messages. 



Pate n ta n sp rUch e 
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A control node as claimed in Claim 1 0. wherein the 
state structure of said sub-machine Is substantially 
similar to the state structure of said TAP controllers 
whereby said test controller outputs said data seri- 
ally in synchronism with said TAP controllers. 



55 



Steueri<noten (70). der ansprlcht auf auf einem 
Kommunikationsbus (50) iibertragene Signale, wo- 
bel dieser Steuerknoten umfasst: 

a) Boundary-Scan-Logtk (92) zum Testen der 
Betriebsfahigkeit des Knotens; 

b) auf eine erste Klasse von Meldungen, die die 
Signale zum Steuern einer vorbestimmten 
Funktion umfassen, ansprechende erste Vor- 
richtung (90); und 

c) auf eine zweite Klasse von Meldungen. die 
die Signale zum Ausfuhren der Boundary- 
Scan-Logik (92) an dem Testknoten (70) um- 
1?0)^"' zweite Vorrichtung (90, 

Steuertcnoten nach Anspruch 1 , wobei der Kommu- 
nikationsbus (50) ein serieller Bus ist. 

Steuericnoten nach Anspruch 1 oder 2, wobel die 
erste Vorrichtung einen Kommunikations-Control- 
ler (90) umfasst, ansprechend auf die erste Klasse 
von Meldungen zum Generieren erster Steuersi- 
gnale und eine Schaltung, ansprechend auf diese 
ersten Steuersignale zum Implementleren der vor- 
bestimmten Funktion; und die zweite Vomchtung 
den Kommunikations-Controller (90) umfasst, der 
anspricht auf die zweite Klasse von Meldungen'zum 
Generieren zweiter Steuersignale und einen 
Test-Controller (1 00). der anspricht auf die zweiten 
Steuersignale zum Ausfuhren der Boundary-Steu- 
er-Logik zum Testen des Knotens. 
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7. 



. Knoten nach Anspruch 3, wobei der Test-Controller 
(100) eine Zustands-Maschine (170) umfasst. 

. Knoten nach einem der vorhergehenden Anspru- 14 
Che. wobei die zweite Klasse von Meldungen eine 5 
Prufbefehl-Meldung zum Steuem der Zustande des 
TAP-Controllers umfasst. der In der Boundary- 
Scan-Logik (92) enthalten ist. 

Steuernoten nach Anspruch 5, wobei die Priifbe- 10 
fehl-Meldung TIVIS-Daten einschlleBt und der 
Test-Controller die TMS-Daten seriell Obertragt zu 
der Boundary-Scan-Logik. 

Steuerknoten nach einem der vorhergehenden An- is 
spriiche. wobei die zweite Klasse von Meldungen 
eine Pruftestdatenmeldung zum Ubertragen von 
Testdaten zu der Boundary-Scan-Logik enthailt. 

Steuerknoten nach Anspruch 7, wobei die Testda- 20 
ten Instruktionsdaten elnschlieBen. 



der zentrale Steuerknoten au3erdem betreibbar Ist 
zum Generieren der ersten Klasse von Meldungen. 

Steuerknoten nach Anspruch 13, wobei der zentra- 
le Steuerknoten angeordnet ist, urn auBerdem die 
zwerte Klasse von Meldungen zu generieren. 



Steuerknoten nach Anspruch 8, sofern abhangig 
von Anspruch 3, wobei der Test-Controller (1 00) be- 
treibbar Ist, um temporar die Testdaten zurspateren 25 
Ausgabe zur Boundary-Scan-Logik (92) zu spei- 
chern. 
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10. Steuerknoten nach Anspruch 9, wobei derTest-Con- 
troller (100) auBerdem eine Sub-Maschlne um- 
fasst. die anspricht auf ein TMS-Slgnal. das zu den 
TAP-Controllern Qbermittelt wird, die in der Bound- 
ary-Scan-Logik (92) enthalten sind zum Steuern 
der Ausgabe der Testdaten. 

11. Steuerknoten nach Anspruch 10, wobei die 2u- 
standsstruktur der Sub-Maschlne im wesentlichen 
ahnlich wie dieZustandsstrukturderTAP-Controller 
ist, wodurch dieser Test-Controller diese Daten se- 
riell In Synchronisation mit den TAP-Controllern 
ausgeben. 

12. Steuerknoten nach einem der Ansprliche 7 bis 11 , 
sofern abhangig vom Anspruch 3, wobei der 
Test-Controller (100) betreibbar Ist, um Ergebnisda- 45 
ten. die von der Boundary-Scan-Logik (92) ausge- 
geben werden, temporar zu spelchern, wenn die 
Testdaten eingegeben werden, wobei die zweite 
Klasse von Meldungen eine Scan-Ergebnls-Abfra- 
gemeldung einschlleBt, und wobei der Kommunika- so 
tions-Controller (90) betreibbar ist, um die Ergeb- 
nisdaten auf dem Kommunikationsbus (50) zu uber- 
tragen ansprechend auf diese Anfragemeldung. 

13. Steuerknoten nach einem der vorhergehenden An- S5 
spnuche, wobei der Steuerknoten (70) betreibbar ist 
zum Kommunlzieren mit einem zentralen Steuer- 
knoten iiber den Kommunikationsbus, und wobei 
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Revendicatlons 

1. Noeud de commando (70) recevant des signaux 
transmis sur un bus de communication (50). (edit 
noeud de commande comprenant : 

a) un circuit loglque de balayage de limite (92) 
pour tester la fonctionnalite dudit noeud ; 

b) un premier moyen (90) recevant une premie- 
re classe de messages comprenant lesdits si- 
gnaux pour la commande d'une fonction 
predetermlnee ; et 

c) des seconds moyens (90. 1 00) recevant une 
seconde classe de messages comprenant les- 
dits signaux pour exercer ledit circuit loglque de 
balayage de limite (92) pour tester ledit noeud 
(70). 

2. Noeud de commande selon la revendication 1 , dans 
lequel ledit bus de communication (50) est un bus 
en s^rie. 

J. Noeud de commande selon la revendication 1 ou 
2, dans lequel ledit premier moyen comprend une 
unite de commande de communication (90) rece- 
vant ladite premifere classe de messages pour g6- 
n6rer des premiers signaux de commande, et un 
circuit recevant lesdits premiers signaux de com- 
mande pour mettre en oeuvre ladite fonction prede- 
termlnee, et ledit second moyen comprend ladite 
unite de commande de communication (90) qui re- 
volt ladite seconde classe de messages pourg6ne- 
rer des seconds signaux de commande, et une uni- 
te de commande de test (100) recevant lesdits se- 
conds signaux de commande pour exercer ledit cir- 
cuit loglque de commande de limite pour tester ledit 
noeud. 

Noeud selon la revendication 3, dans lequel ladite 
unite de commande de test (100) comprend une 
machine d'etat (1 70). 

Noeud selon I'une quelconque des revendfcations 
precedentes. dans lequel ladite seconde classe de 
messages comprend un message de commande 
de balayage pour la commande de I'etat des unites 
de commande TAP comprises dans ledit circuit lo- 
glque de balayage de limite (92). 
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6. Noeud de commande selon la revendication 5, dans 
lequel ledit message de commande de balayage 
comprend des donnees TMS et ladite unite de com- 
mande detest 6met en s6rie lesdites donn6es TMS 
vers ledrt circuit logique de balayage de limite. 

7. Noeud de commande selon I'une quelconque des 
revendications pr6cedentes, dans lequel ladite se- 
conde classe de messages comprend un message 
de donn6es de test de balayage pour i'6mission de 
donnees de test vers ledit circuit logique de balaya- 
ge de limite. 

8. Noeud de commande selon la revendication 7, dans 
lequel lesdites donnees de test comprennent des 
donnees d'instruction. 

9. Noeud de commande selon la revendication 8, d6- 
pendante de la revendication 3, dans lequel ladite 
unite de commande de test (1 00) est pr6vue pour 
stocl<er, de fa^on temporaire, lesdites donnees de 
test pour une sortie uit6rieure vers ledit circuit logi- 
que de balayage de limite (92). 

1 0. Noeud de commande selon la revendication 9, dans 25 
lequel ladite unite de commande de test (100) com- 
prend, de plus, une machine secondaire recevant 

un signal TMS transmis aux unlt6s de commande 
TAP comprises dans ledit circuit logique de balaya- 
ge de limite (92) pour la commande de la sortie des- 30 
dites donnees de test. 

11. Noeud de commande selon la revendication 10. 
dans iequel la stmcture d'etat de ladite machine se- 
condaire est sensiblement similaire a la structure 35 
d'etat desdites unites de commande TAP, ladite uni- 
te de commande de test fournissant ainsi en sortie 
lesdites donnees en serie en synchronisme avec 
lesdites unites de commande TAP. 

40 

12. Noeud de commande selon I'une quelconque des 
revendications 7^11, d6pendantes de la revendi- 
cation 3, dans lequel ladite unite de commande de 
test (100) est prevue pourstocker, de fa^on tempo- 
raire, des donn6es de r6sultats sortant dudit circuit 4s 
logique de balayage de limite (92) tandis que lesdi- 
tes donnees de test sont entrees, et ladite seconde 
classe de messages comprend un message de de- 
mande de r6sultats de balayage, ladite unft6 de 
commande de communication (90) 6tant pr6vue so 
pour transmettre lesdites donnees de resultats sur 
ledit bus de communication (50) en reponse audit 
message de demande. 

13. Noeud de commande selon I'une quelconque des ss 
revendications precedentes, dans lequel ledit 
noeud de commande (70) est prdvu pour commu- 
niquer avec un noeud central de commande sur le- 



dit bus de communication, ledit noeud central de 
commande etant prevu, de plus, pour gen6rer ladite 
premiere classe de messages. 

5 14. Noeud de commande selon la revendication 13, 
dans lequel ledit noeud central de commande est 
prdvu pour g6n6rer de plus ladite seconde classe 
de messages. 
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(PRIOR ART) 
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FIG, 2 
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